This paper analyzes how US monetary policy affects the pricing of dollar-denominated sovereign debt. We document that yields on dollar-denominated sovereign bonds are highly responsive to US monetary policy surprises-during both the conventional and unconventional policy regimes-and that the passthrough of unconventional policy to foreign bond yields is, on balance, comparable to that of conventional policy. In addition, a conventional US monetary easing (tightening) leads to a significant narrowing (widening) of credit spreads on sovereign bonds issued by countries with a speculative-grade credit rating but has no effect on the corresponding weighted average of bilateral exchange rates for a basket of currencies from the same set of risky countries; this indicates that an unanticipated tightening of US monetary policy widens credit spreads on risky sovereign debt directly through the financial channel, as opposed to indirectly through the exchange rate channel. During the unconventional policy regime, yields on both investment-and speculative-grade sovereign bonds move one-to-one with policy-induced fluctuations in yields on comparable US Treasuries. We also examine whether the response of sovereign credit spreads to US monetary policy differs between policy easings and tightenings and find no evidence of such asymmetry.
Introduction
Among financially interconnected economies, unanticipated changes in the stance of monetary policy in one country can quickly "spill over" to other countries. While the debate surrounding monetary policy cross-border spillovers has a storied history in international economics (see Fleming, 1962; Mundell, 1963) , the 2008-09 global financial crisis and its aftermath-a period during which the Federal Reserve and many other central banks implemented new and unconventional forms of monetary stimulus-has sparked intense interest in such international monetary policy spillovers, in both academic and policy circles (see Bernanke, 2018) .
The canonical view of international monetary policy interactions, as exemplified by the MundellFleming model, identifies the exchange rate channel as the primary mechanism through which domestic monetary policy actions affect macroeconomic conditions abroad. 1 At the same time, a monetary policy easing at home will lower domestic longer-term interest rates and raise prices of risky financial assets in the home country. With highly integrated global financial markets, investor portfolio rebalancing efforts will lead to capital flows to foreign countries, putting downward pressure on foreign longer-term yields and upward pressure on foreign asset prices, thereby easing financial conditions abroad.
In this paper, we contribute to the understanding of this so-called financial spillover channel.
Specifically, using high-frequency price data on dollar-denominated sovereign bonds, we empirically quantify the transmission of US monetary policy in international bond markets. By focusing on dollar-denominated sovereign bonds, we are able to analyze how US monetary policy affects sovereign yields and spreads, a question that is more difficult to address using bonds denominated in local currencies, an asset class for which policy-induced fluctuations in exchange rates are a direct complicating factor. 2 Compared with sovereign bonds denominated in local currencies, dollardenominated sovereign bonds are also a more established asset class, which allows us to estimate US monetary policy spillovers in international bond markets using a richer set of countries and 1 According to this view, a monetary easing at home lowers the domestic interest rate relative to foreign rates, inducing a depreciation of the domestic currency. One key implication of the Mundell-Fleming framework is that a central bank cannot freely adjust its policy rate to stabilize domestic output, while also maintaining a fixed exchange rate and an open capital account-a tradeoff frequently referred to as the "international policy trilemma" (see Obstfeld and Rogoff, 2002) . Consistent with this prediction, Obstfeld, Shambaugh, and Taylor (2005) , Goldberg (2013) , Klein and Shambaugh (2015) , and Obstfeld (2015) have shown that short-term interest rates of countries with flexible exchange rates have an appreciably lower correlation with the short-term rate of the "base" country, relative to countries with fixed exchange rates. Recently, however, Rey (2013 Rey ( , 2016 has argued that even floating exchange rates will not suffice to insulate domestic financial conditions from foreign monetary policy shocks-at least not without additional restrictions on capital mobility-thereby, reducing the "trilemma" to a "dilemma."
2 Fluctuations in exchange rates caused by changes in the stance of US monetary policy can, of course, affect yields and spreads on dollar-denominated sovereign bonds indirectly through balance sheet effects, owing to the presence of a currency mismatch between countries' assets and liabilities (see Céspedes, Chang, and Velasco, 2004; Gertler, Gilchrist, and Natalucci, 2007) . As an alternative empirical approach, one could convert local currency bonds into dollar-denominated bonds using FX swap agreements. However, as documented by Du, Im, and Schreger (2018) , there is a significant time-varying gap between the FX-swap-implied dollar yield paid by foreign governments and the US Treasury dollar yield, which can confound the measurement of sovereign default risk using local currency bonds. As shown by Hofmann, Shim, and Shin (2017) , currency appreciation-vis-à-vis the US dollar-in emerging market economies leads to a narrowing of local currency sovereign bond spreads, with the yield compression primarily reflecting a lower credit risk premium. over a longer sample period. And finally, compared with most of the literature on monetary policy spillovers, we use a nearly ideal measure of unexpected changes in the stance of US monetary policy to identify policy surprises. Using these surprises, we analyze whether the strength and scope of the cross-border spillover effects differ between the conventional and unconventional US monetary policy regimes.
To compare the transmission of conventional and unconventional US monetary policy actions to international bond markets, we follow Hanson and Stein (2015) and Gertler and Karadi (2015) and use changes in the 2-year nominal US Treasury yield on policy announcement days as a common instrument across the two policy regimes. In contrast to these two papers, we rely on the intraday changes in the 2-year Treasury yield within a narrow window bracketing Federal Open Market Committee (FOMC) and other policy announcements to identify unanticipated shifts in the stance of US monetary policy. 3 Implicit in this approach is a highly reasonable identifying assumption that any movement in the 2-year US Treasury yield in a narrow window bracketing policy announcements is due to the unanticipated changes in the stance of US monetary policy or the FOMC's communication regarding the path for policy going forward.
The paper contains two sets of related empirical exercises. In the first set, we analyze the response of yields on sovereign bonds denominated in US dollars to an unanticipated change in the stance of US monetary policy. To do so, we obtained from the Thompson Reuters Datastream daily secondary market prices of dollar-denominated sovereign bonds issued by more than 90 countries, both emerging market and advanced economies, since the early 1990s. We exploit the cross-sectional heterogeneity of these data by constructing sovereign bond portfolios along two key dimensions: duration and credit risk.
Our first set of results documents that conventional US monetary policy is transmitted very effectively to both shorter-and longer-duration yields on dollar-denominated sovereign debt. The spillover effects of conventional US monetary policy across the sovereign bond portfolios of different durations are much more uniform compared with the unconventional policy regime. That said, the extent of spillovers from the US unconventional monetary policy actions to foreign bond yields is, on balance, similar to that estimated during the conventional policy regime. The results also indicate that conventional US monetary policy actions have a differential effect on the yields of sovereign securities of different credit ratings, whereas the unconventional policy actions undertaken by the FOMC in recent years had a similar effect on both investment-and speculative-grade sovereign bond yields.
The second set of empirical exercises focuses on sovereign default risk. An important advantage of building bond portfolios from the "ground up" is that we can construct credit spreads that are not subject to the duration mismatch, which is a common problem plaguing standard sovereign credit spread indexes, such as the EMBI or EMBI+. Our analysis based on portfolios sorted by credit risk thus allows us to quantify more accurately how US monetary policy affects sovereign default risk across the conventional and unconventional policy regimes, as well as across "high" and "low" risk countries. An additional advantage of our approach is that we can use bilateral exchange rates to construct foreign currency portfolios, using the same weights as those in the sovereign bond portfolios. The response of returns on these matched foreign currency portfolios to US monetary policy surprises allows to examine the extent to which policy-induced fluctuations in sovereign credit spreads are due to indirect effects via the conventional exchange rate channel, as opposed to the direct financial spillover channel.
The results from this set of exercises show that conventional US monetary policy actions have an economically large and statistically significant effect on credit spreads of dollar-denominated bonds of countries with a speculative-grade credit rating. Specifically, credit spreads on risky sovereign debt are estimated to narrow (widen) significantly in response to an unanticipated US policy easing (tightening) during the conventional regime. Interestingly, conventional US monetary policy has no effect on the corresponding weighted average of bilateral exchange rates for a basket of currencies from the same set of risky countries. In combination, these two results indicate that an unanticipated tightening of US monetary policy during the conventional regime widens credit spreads on risky sovereign debt directly through the financial channel, as opposed to indirectly through the deterioration in the quality of risky countries' balance sheets brought about the depreciation of their currencies against the US dollar.
Sovereign credit spreads for investment-grade countries, in contrast, do not respond to conventional US monetary policy; in other words, sovereign bond yields for low-risk countries are estimated to decline (increase) by about as much as the yields on comparable US Treasuries in response to a conventional US monetary policy easing (tightening). At the same time, the weighted average of bilateral exchange rates for a basket of currencies from countries with an investment-grade credit rating responds responds strongly to conventional US monetary policy, with unanticipated easings (tightenings) causing a substantial and statistically significant appreciation (depreciation) of local currencies against the US dollar. These findings indicate that conventional US monetary policy affects macroeconomic and financial conditions in low-risk countries primarily through its impact on bilateral exchange rates.
The US monetary policy spillovers to international bond markets during the unconventional policy regime are somewhat more muted, according to our estimates. An unanticipated easing (tightening) of US monetary policy during this period leads to a decrease (increase) in speculativegrade sovereign bond yields that is commensurate with that of yields on a portfolio of comparable US Treasuries. Similarly, the passthrough of unconventional US monetary policy to sovereign bond yields for investment-grade countries is essentially one-to-one, that is, the same as during the conventional policy regime. At the same time, an unanticipated easing (tightening) of US monetary policy during this period leads to a significant currency appreciation (depreciation) for countries in both investment-and speculative-grade sovereign bond portfolios. In fact, the response coefficients on the currency portfolios are larger by a factor of three-and statistically highly significant-for both sets of countries during the unconventional policy regime, compared with the response coefficients estimated for the conventional regime. Our analysis thus indicates that the unconventional policy actions undertaken by the FOMC between the end of 2008 and the end of 2015 did not systematically affect the level of sovereign credit spreads across the credit quality spectrum, despite the fact that those actions had economically large effects on the bilateral exchange rates of both low-and high-risk countries.
Lastly, we examine whether US monetary policy tightenings and easings have an asymmetric effect on international bond markets. In this exercise, we split the high-frequency US policy surprises according to their sign-that is, positive vs. negative-and then estimate the response of sovereign bond credit spreads to those two surprises. Interestingly, we find no evidence of such asymmetry-for both investment-and speculative-grade bond portfolios-during the conventional and unconventional US monetary policy regimes. Consistent with these results, we find no statistically significant asymmetry in the corresponding response of the weighted average of bilateral exchange rates for the basket of currencies associated with the two sovereign bond portfolios.
Related Literature
In part, our paper fits into a rapidly growing empirical literature aimed at quantifying the effects of unconventional policy measures on financial asset prices. Not too surprisingly, much of this research to date has analyzed whether purchases of large quantities of Treasuries, agency MBS, and agency debt by the Federal Reserve and various forms of forward guidance have lowered longer-term US benchmark yields and the associated private interest rates (see Gagnon, Raskin, Remache, and Sack, 2011; Krishnamurthy and Vissing-Jorgensen, 2011; Swanson, 2011; Hamilton and Wu, 2012; Justiniano, Evans, Campbell, and Fisher, 2012; Wright, 2012; D'Amico and King, 2013; Gilchrist and Zakrajšek, 2013; Gilchrist, López-Salido, and Zakrajšek, 2015; Hanson and Stein, 2015) . While employing a variety of empirical approaches, a common finding that emerges from these studies is that the unconventional policy measures employed by the FOMC between the end of 2008 and the end of 2015 have led to a significant reduction in US Treasury yields and that this broad-based reduction in longer-term interest rates has been passed fully to lower borrowing costs for businesses and households in the United States. 4
To gauge the impact of the Federal Reserve's asset-purchase programs beyond US borders, Neely (2015) employs an event-style methodology and finds that these unconventional policy actions substantially lowered the foreign exchange value of the US dollar and reduced longer-term yields yields for a small sample of advanced foreign economies; similar results for emerging market economies are reported by Chen, Mancini Griffoli, and Sahay (2014) . In a follow-up paper, Bauer and Neely (2014) use dynamic term structure models to parse out the extent to which the declines in foreign interest rates occurred through the signaling or portfolio rebalancing channels and find evidence that both channels were in operation during the unconventional policy regime. Our paper is also related to the work of Fratzscher, Lo Duca, and Straub (2014) and Bowman, Londono, and Sapriza (2015) ; the former paper systematically analyzes the global spillovers of the Federal Reserve's asset purchase programs on a broad array of financial asset prices, while the latter study empirically quantifies the spillover effects of US unconventional policies on emerging market economies. The key takeaway of these two papers is that US unconventional monetary policy measures induced a significant portfolio reallocation among investors and led to a notable repricing of risk in global financial markets. 5
In a recent paper, Albagli, Ceballos, Claro, and Romero (2018) document significant US monetary policy spillovers to international bond markets. The authors identify US monetary policy surprises using changes in short-term US Treasury yields within two days of FOMC meetings and trace the effects of those changes on foreign bond yields using panel regressions. Their key finding is that US monetary policy spillovers to longer-term foreign bond yields have increased substantially after the global financial crisis. The main difference with our paper is that Albagli, Ceballos, Claro, and Romero (2018) analyze sovereign bonds denominated in local currencies, whereas we focus on dollar-denominated sovereign bonds. Importantly, our US monetary policy surprises are much better identified because we use intraday data to compute changes in short-term US Treasury yields in narrow windows bracketing FOMC announcements. Also related is a study by Gagnon, Bayoumi, Londono, Sabarowski, and Sapriza (2017) , who analyze the direct effects and cross-border spillovers of asset purchase programs and exchange rate policies employed by the major central banks in response to the global financial crisis. With regards to the unconventional policy measures employed by the Federal Reserve during this period, they find that policy-prompted increases in US bond yields are associated with increases in local currency foreign bond yields and equity prices, as well as with a depreciation of foreign currencies.
Our paper is also related to the research based on small open economy models that feature foreign interest rate shocks and some form of financial market frictions (see Neumeyer and Perri, 2005; Uribe and Yue, 2006) . These papers show that movements in sovereign credit spreads are an important driver of business cycles dynamics in emerging market economies and that these spreads are influenced importantly by fluctuations in the world interest rate, namely, the longterm US Treasury yield (see also Kamin and von Kleist, 1999; Eichengreen and Mody, 2010) . The analysis of these papers, however, uses monthly or quarterly changes in long-term US interest rates to estimate the spillover effects of US monetary policy to international bond markets. An important advantage of our approach is that we use high-frequency data to identify convincingly unanticipated changes in the stance of US monetary policy and to trace out the causal effect of those changes on sovereign credit spreads.
Data Sources and Methods
This section lays out the measurement of US monetary policy surprises and the construction of our micro-level data set of dollar-denominated sovereign bonds.
US Monetary Policy
Central to our approach is the use of intraday data, from which we can directly infer monetary policy surprises associated with FOMC announcements. In combination with the daily data on sovereign bond yields, these high-frequency policy surprises allow us to estimate the causal effect of US monetary policy actions on foreign bond interest rates and spreads during both the conventional and unconventional policy regimes. This requires the dating of the two monetary policy regimes over our sample period, which runs from January 2, 1992, to March 29, 2019. We divide this period into two distinct regimes: (i ) a conventional monetary policy regime, a period in which the primary policy instrument was the federal funds rate; and (ii ) an unconventional monetary policy regime, during which the funds rate was stuck at the effective lower bound, and the FOMC primarily conducted monetary policy by altering the size and composition of the Federal Reserve's balance sheet and also by issuing various forms of forward guidance regarding the future trajectory for the federal funds rate.
As in Gilchrist, López-Salido, and Zakrajšek (2015) , we assume that the unconventional policy regime began on November 25, 2008, and that prior to that day, the conventional policy regime was in effect. 6 The unconventional policy regime ended on December 16, 2015, with the liftoff of the federal funds rate from its effective lower bound. Thus, the conventional US monetary policy regime is assumed to cover two non-overlapping periods: from February 6, 1992 , to December 15, 2008 , and from December 17, 2015 , to March 29, 2019 . Virtually all of the 169 announcements during the conventional policy period followed regularly-scheduled FOMC meetings; only six were associated with the intermeeting policy moves. 7
The standard analysis of how changes in the stance of conventional US monetary policy affect financial asset prices has historically relied on a single factor-the "target" surprise or the unanticipated component of the change in the current federal funds rate target (see, Kuttner (2001); Cochrane and Piazzesi (2002); and Bernanke and Kuttner (2005) ). However, as shown by Gürkaynak, Sack, and Swanson (2005) , this characterization is incomplete, and another factor-that is, changes in the future policy rates that are independent of the current target rate-is needed to capture fully the effect of conventional monetary policy. This second factor, which is commonly referred to as a "path" surprise, is closely associated with the FOMC statements that accompany changes in the target rate and represents a communication aspect of monetary policy that assumed even greater importance after the target rate was lowered to its effective lower bound in December 2008.
To facilitate the comparison of the spillover effects from conventional and unconventional US monetary policy, we follow Gilchrist, López-Salido, and Zakrajšek (2015) and assume that the change in the 2-year nominal (on-the-run) US Treasury yield over a narrow window bracketing an FOMC announcement-denoted by m US t -captures both aspects of US monetary policy. During the conventional US policy regime, we calculate the policy surprise m US t using a 30-minute window surrounding FOMC announcements (10 minutes before to 20 minutes after). During the unconventional policy regime, the Federal Reserve implemented different forms of forward guidance regarding the future path of the federal funds rate. The FOMC also implemented a number of Large-Scale Asset Purchase programs (LSAPs), the primary goal of which was to influence longer-term yields on US Treasury and agency MBS securities through direct purchases of those assets. These policy actions were introduced to the public via announcements, either following the regularly-scheduled FOMC meetings or in special announcements that were held outside the regular FOMC schedule.
In these instances, we try to capture the information content of announcements that reflects the market participants' interpretation of the statements and speeches-as opposed to conveying information about the precise numerical value of the target funds rate-so we use a wider 60-minute window bracketing an announcement (10 minutes before to 50 minutes after) to calculate the intraday changes in the 2-year US Treasury yield. The use of a 60-minute window to calculate the policy surprise m US t during this period should allow the market a sufficient amount of time to digest the news contained in announcements associated with unconventional policy measures. 8
Panel A of Figure 1 shows the path of the target federal funds rate and the 2-year nominal US Treasury yield over the entire sample period. Our sample period is marked by substantial variation in shorter-term interest rates and contains a number of distinct phases of US monetary policy. The early part of the sample features the 1994-95 tightening phase that followed the "jobless" recovery of the early-1990s. Clearly evident is the tightening phase that preceded the bursting of the "tech bubble" in early 2001, and the subsequent easing of policy in response to a rapid slowdown in economic activity and the emergence of substantial disinflationary pressures. FOMC begun to raise gradually the range for target federal funds rate from its effective lower bound.
Panel B depicts the sequence of monetary policy surprises-the values of m US t -associated with the FOMC's actions during this period. Not too surprisingly, the largest (absolute) policy surprises during the conventional policy regime are associated with the intermeeting policy actions. Simi-larly, as shown by the red spikes, the largest (absolute) surprises during the unconventional policy regimes correspond to the early LSAP announcements. The key takeaway from this figure is our assumption that movements in the 2-year US Treasury yield in narrow windows bracketing FOMC announcements are entirely due to the unanticipated changes in the stance of US monetary policy.
By any measure, this is a reasonable assumption because we are virtually certain that no other important economic news was released within that interval of time. 9
Dollar-Denominated Sovereign Bonds
As noted above, our focus is on sovereign debt denominated in US dollars. To obtain a comprehensive coverage of this asset class, we downloaded from Thompson Reuters Datastream daily secondary market prices of dollar-denominated sovereign bonds issued by 95 countries, both advanced and emerging market economies (see Table A -2 in Appendix A for further details). We limit our sample to securities with a fixed coupon schedule and no embedded options. The variables include time-invariant bond characteristics such as the issuance and maturity dates, issue amount, coupon structure, as well as the daily time series of secondary market prices.
In addition to the large number of countries in our sample, our data set also appears to have a reasonable coverage of the countries' total dollar-denominated external debt. Specifically, for 34 major developing countries in our data set, World Bank's International Debt Statistics provide sufficient data to calculate their year-end outstanding dollar-denominated long-term debt issued by the public sector. For this set of countries, we computed the aggregate par value of dollardenominated sovereign bonds at year-end in our sample, expressed as a share of the corresponding total outstanding dollar-denominated long-term debt issued by that country's public sector. For each country, we then computed the time-series average of this ratio, yielding a sample of 34 country-specific average shares. The average (median) share for this set of countries was 36 percent (34 percent), an indication that our data set likely captures a meaningful fraction of borrowing in dollar-denominated sovereign debt markets.
The micro-level aspect of our data allows us to compute bond yields at the security level. As a result, we can construct credit spreads that are free of the duration mismatch, which is a common problem in many of the standard sovereign credit spread indexes. Specifically, in our analysis, we follow the methodology outlined in Gilchrist and Zakrajšek (2012) and construct a synthetic US Treasury security that exactly replicates the cash-flows of the corresponding sovereign debt 9 It is possible that other economic or political news or policy actions by foreign central banks might coincide with the US monetary policy surprises, especially during the unconventional policy regime; see Greenlaw, Hamilton, Harris, and West (2018) for a detailed analysis of major news events on the day when the US bond market had a big move during the unconventional policy regime. However, as documented by Albagli, Ceballos, Claro, and Romero (2018), while US monetary policy news is not always the only event moving US Treasury yields on FOMC announcement days, this is the case much more often than not-the overlap frequency between FOMC meetings and all other major country events is only about seven percent at the daily frequency. Our measure of US monetary policy surprises is based on yield changes over the 30-or 60-minute window bracketing FOMC announcements and thus is even less affected by such news. In our case, the impact of other news on international bond markets gets impounded in the error terms of our regressions, which would affect the precision of our estimates but not their consistency. instrument. Formally, we consider a dollar-denominated sovereign bond k (issued by country i)
that at time t is promising a sequence of cash-flows denoted by {C(s) : s = 1, 2, . . . , S}. 10 The price of this bond at time t is given by
where D(t s ) = exp(−r ts t s ) denotes the discount function in period t. To calculate the price of the corresponding synthetic US Treasury security-as denoted by P US t [k]-we discount the cashflow sequence {C(s) : s = 1, 2, . . . , S} using continuously-compounded zero-coupon US Treasury yields in period t, which are obtained from the daily estimates of the US Treasury yield curve based on the methodology of Gürkaynak, Sack, and Wright (2007) . The resulting price P US t [k] can then be used to calculate the yield-denoted by y US t [k]-of a hypothetical US Treasury security with exactly the same cash-flows as the underlying sovereign bond. The resulting credit spread
, where y it [k] denotes the yield of the sovereign bond k, is therefore free of the bias that would occur if the spreads had been computed simply by matching the sovereign yield to the estimated yield of a US Treasury security of the same maturity. Table 1 contains the summary statistics for the key characteristics of bonds in our sample. 11 An average country in our sample has more than 18 sovereign bond issues outstanding at any point in time. However, this distribution is skewed significantly to the right by a few countries that have a very large number of issues trading in the secondary market at a point in time. In fact, the median country has only eight such issues trading in any given day.
The size distribution of the sovereign bond issues is similarly skewed, with the range running from $1.1 million to more than $11 billion. The maturity of these debt instruments is fairly long, with the average maturity at issue of about 15 years. In terms of default risk-as measured by the Moody's sovereign credit ratings-our sample spans a significant portion of the credit-quality spectrum. However, at "A1," the median observation is well within the investment-grade category.
An average sovereign bond in our sample has an expected return of 224 basis points more than a comparable US Treasury security, while the standard deviation of 255 basis points is indicative of the wide range of sovereign credit risk-as perceived by the market-in our sample.
Empirical Methodology and Results

Sovereign Bond Portfolio Yields
We exploit the cross-sectional heterogeneity of our data by constructing sovereign bond portfolios, based on duration and credit risk. To construct the duration-specific portfolios, we sort bonds into short-and long-duration categories, based on whether the bond's duration (on day t − 1) is above or below five years, a cutoff corresponding roughly to the median duration in our sample (see Table 1 ). In the case of sovereign credit risk, we sort bonds based on whether the issuing country has an investment-or speculative-grade credit rating (on day t − 1). For each type of sovereign bond portfolio, the h-day change in the portfolio yield is then computed as a weighted average of the corresponding h-day changes of security-level yields in each portfolio, using market values of individual bond issues from day t − 1 as weights. While finer gradations are possible, our sorting captures the salient differences that we observe in the data, while maintaining a significant number of bonds in each portfolio. 12
The solid line in Panel A of Figure 2 depicts the weighted average of bond yields across the short-and long-duration sovereign bond portfolios; the same information for the investment-and speculative-grade bond portfolios is shown in Panel B. Clearly there is considerable time-series variation in the yields of our sovereign bond portfolios. Panel A shows that sovereign bonds with longer duration have, in general, higher yields than those in our short-duration portfolio, except 12 In Table A -2 of Appendix A, we report in column "Weight" the country-specific average share of the market value of bonds in our sample. The distribution varies considerably across our sample of countries, with the minimum (average) share of less than 0.01 percent for Thailand and the maximum (average) share of more than 10 percent for Brazil and Italy. And while a significant proportion of our sample of sovereign bonds is accounted for by securities issued by Israel, the Israel's average share is only about 2.5 percent. More generally, with the sample average of only 1.7 percent and standard deviation of 2.3 percent, it is clear that the dynamics of portfolio yields are not driven by a few countries who hold a disproportionate fraction of the market value of dollar-denominated sovereign bonds in our sample. In column "% in IG" of the same table, we report the fraction of time that each country in our sample spends in the investment-grade portion of the credit-quality spectrum. Reflecting the fact that sovereign credit ratings tend to be quite persistent, "0" or "100" are by far the most likely values of this variable. Nevertheless, sovereign credit ratings are not static, and the median country in our sample has an investment-grade rating for only about one-half of its tenure in the panel. during the late 1990s and in 2008, when yields in both duration portfolios spiked to similar levels.
According to Panel B, bonds issued by countries with a speculative-grade credit rating carry a substantially higher yield than their investment-grade counterparts. This difference reflects the additional risk premium for bonds with a lower credit rating, as well as possible differences in liquidity between investment-and speculative-grade sovereign securities, arising from ratings-based 
The dependent variable is ∆ h y p,t+h−1 , an h-day change (from day t − 1 to day t + h − 1) bracketing an FOMC announcement on day t in the specified bond portfolio yield: SD = portfolio of short duration (< 5 years) sovereign bonds; and LD = portfolio of long duration (≥ 5 years) sovereign bonds. The explanatory variable in all specifications is m US t , an FOMC-induced surprise in the 2-year US Treasury yield. All specifications include a constant (not reported) and are estimated by OLS. Heteroskedasticity-consistent asymptotic standard errors are reported in parentheses: * p < .10; ** p < .05; and *** p < .01. market segmentation. 13 We begin our empirical analysis by estimating the effect of US monetary policy surprises on sovereign bond yields in our portfolios. It is well known that during the conventional US monetary policy regime, an easing of policy is associated with declining US short-term market interest rates and a steepening of the yield curve. In contrast, during the unconventional regime, an easing of monetary policy is associated with a flattening of the yield curve, as short-term rates are anchored at their effective lower bound. Thus, a natural starting point is to document the extent to which US monetary policy affects foreign yields of different duration.
Specifically, we use OLS to estimate the following regression specification:
where ∆ h y p,t+h−1 denotes an h-day change in the sovereign bond portfolio yield associated with short-and long-duration sovereign bonds (i.e., p = SD (short duration) and p = LD (long duration)).
The h-day yield change is calculated as the change in yield from day t − 1 to day t + h − 1, where 13 To ameliorate conflicts of interests that are inherent in delegated asset management, many institutional investors face portfolio restrictions on speculative-grade debt instruments, which can lead to ratings-based market segmentation. the yield is quoted at the market closing time of the relevant country. Given that our sample of countries covers many different time zones-and thus closing times differ across countries-we compute the h-day yield changes from day t − 1 to day t + h − 1, which ensures that the US policy surprise m US t occurred within that time interval. Our baseline horizon is two days (i.e., h = 2), but given the potentially illiquid nature of sovereign bonds, which would lead to a delayed yield response to US monetary policy announcements, we also consider the effect of policy surprises at the 6-day horizon (i.e., h = 6). Table 2 presents the results for our duration-based bond portfolios. Panel A shows the results for the 2-day changes, and Panel B shows the corresponding results for the 6-day changes. According to the entries in Panel A, US monetary policy surprises impact sovereign bond yields across the duration spectrum. Our estimates imply that a policy action by the FOMC that raises the 2-year US Treasury yield 100 basis points leads to increases in dollar-denominated sovereign bond yields that are slightly less than 100 basis points during the conventional policy regime and somewhat more than 100 basis points during the unconventional regime. The results, however, do not imply significant differences in the sovereign bond yield responses across the two duration categories.
Regressions using the 6-day changes (Panel B) produce slightly bigger estimates. In our view, this increased responsiveness likely reflects the relative illiquidity of the dollar-denominated sovereign bond market. Again, the estimated effects are very similar across the two duration categories and imply larger point estimates of the response coefficients during the unconventional policy regime relative to the conventional regime, though these differences are not statistically significant.
In broad terms, the results in Table 2 imply a robust and economically large response of foreign bond yields to US monetary policy and showcase a "level" effect, whereby sovereign yields are rising essentially one-for-one with a policy-induced increase in the 2-year US Treasury yield. In addition, we do not observe substantial differences in responses across the two US monetary policy regimes. 14 The estimates of the spillover effects on sovereign bonds with different durations reflect not only the impact of the US monetary policy on the yield curve, but also the effects of policy changes on the risk premiums. To examine whether lower credit quality portfolios respond more or less than higher credit quality portfolios, we now consider the sovereign yield response for the portfolios sorted by credit risk. Table 3 reports OLS estimates of the coefficients measuring the effect of a US monetary policy surprise on sovereign bond yields of portfolios with investment-and speculative-grade credit ratings (i.e., p = IG (investment grade) and p = SG (speculative grade)). As before, Panel A of Table 3 shows the results at the 2-day horizon, and Panel B reports the results for the 6-day horizon.
In comparison to the portfolios sorted by duration, sorting by credit risk implies much larger differences in yield responses across credit risk categories and across monetary policy regimes.
Specifically, during the conventional policy regime, the response coefficient on the portfolio of 14 It is worth noting that Albagli, Ceballos, Claro, and Romero (2018) find that US monetary policy spillovers to long-term foreign yields have increased substantially after the global financial crisis. However, they study sovereign bonds denominated in local currencies, and their evidence evidence is thus consistent with the standard exchange rate channel, according to which foreign central banks face a tradeoff between narrowing policy rate differentials, or experiencing currency movements against the US dollar. Our analysis, in contrast, focuses on sovereign bonds denominated is US dollars, an asset class where the exchange rate channel does not have a direct effect. 
The dependent variable is ∆ h y p,t+h−1 , an h-day change (from day t − 1 to day t + h − 1) bracketing an FOMC announcement on day t in the specified bond portfolio yield. IG = portfolio of sovereign bonds with an investment-grade credit rating; and SG = portfolio of sovereign bonds with a speculative-grade credit rating. The explanatory variable in all specifications is m US t , an FOMC-induced surprise in the 2-year US Treasury yield. All specifications include a constant (not reported) and are estimated by OLS. Heteroskedasticity-consistent asymptotic standard errors are reported in parentheses: * p < .10; ** p < .05; and *** p < .01. investment-grade sovereign bonds is estimated to be 0.75, implying that lower-risk sovereign bond yields respond significantly less than one-for-one to policy-induced changes in the 2-year US Treasury yield. In contrast, the estimated response coefficient on the portfolio of speculative-grade sovereign bonds is considerably larger, especially at the 6-day horizon; in that case, our estimates imply that a US monetary policy action that raises the 2-year Treasury yield 100 basis points leads to an increase of almost 200 basis points in the speculative-grade bond portfolio yield.
During the unconventional policy regime, however, this pattern reverses itself, as yields on speculative-grade sovereign bonds appear less responsive to US monetary policy, compared with yields on investment-grade sovereign bonds. Likely reflecting the smaller sample size, the response coefficients based on this sample period are estimated with considerably less precision, especially for the 6-day changes in speculative-grade sovereign bond yields. Moreover, the clear pattern that speculative-grade sovereign bond yields are more responsive to US monetary policy actions than their investment-grade counterparts that was seen during the conventional policy regime no longer appears to hold during the unconventional US monetary policy regime. 
Sovereign Bond Portfolio Credit Spreads
The above analysis shows that during the conventional US monetary policy regime, yields on speculative-grade sovereign bonds respond more to US monetary policy surprises than the yields on investment-grade sovereign bonds and that this pattern does not hold during the unconventional regime. These findings suggest that, at least during the conventional policy regime, US monetary policy may have a strong impact on sovereign credit risk, especially for emerging market economies, which are frequently in the speculative-grade portion of the credit-quality spectrum.
To further analyze this issue, we now exploit our rich micro-level data to construct duration- Clearly there is considerable cross-sectional and time-series variation in the sovereign bond portfolios in both credit rating categories. Sovereign credit spreads for riskier countries spiked up during the Mexican peso crisis that started in December 1994, as investors fled, not only Mexico, but emerging markets in general. In contrast, the jump in spreads during the Asian financial crisis in mid-1997 was noticeably less severe. The Russian financial crisis during the late summer of 1998 also led to "financial contagion," in the sense that sovereign spreads of speculative-grade countries increased sharply. Note that during these international financial crises, credit spreads on dollar-denominated sovereign bonds issued by countries with an investment-grade rating barely budged.
The collapse of Lehman Brothers on September 15, 2008, an event that sparked a world-wide financial panic, sent spreads sharply higher for both investment-and speculative-grade sovereign credits. Consistent with previous international financial crises, the cross-sectional dispersion of credit spreads also widened significantly and remained high in both credit rating categories for the remainder of our sample period. The effects of the European debt crisis that started at the end of 2009 and intensified in early 2010 and thereafter are especially evident in the elevated and volatile investment-grade sovereign spreads, as it took some time for the periphery eurozone countries at the center of the crisis to be downgraded to "junk" status. Especially during this period, the impact of US unconventional monetary policy on advanced and emerging market economies became a hotly debated topic in global and national policy circles.
We begin the analysis by estimating the effect of a US monetary policy surprise on sovereign yields and the yields for the matched US Treasury portfolios. Specifically, we use OLS to estimate the following system of equations:
where ∆ h y p,t+h−1 denotes an h-day change (from day t−1 to day t+h−1) in the sovereign bond portfolio yield associated with credit quality p = IG (investment grade) and p = SG (speculative grade), and ∆ h y US p,t+h−1 is the corresponding h-day change in the yield on a matched portfolio of synthetic US Treasuries. The response of the sovereign credit spreads to US monetary policy surprises may then be directly inferred from the difference in response between these two portfolio yields; that is, α p − β p , for p = IG and SG.
To better understand the channels through which US monetary policy affects sovereign credit Note: The dependent variables are 2-day changes (from day t − 1 to day t + 1) bracketing an FOMC announcement on day t in the specified financial indicator: Sovereign yield -IG = 2-day change in the yield on the portfolio of sovereign bonds with an investment-grade (IG) credit rating; and Sovereign yield -SG = 2-day change in the yield on the portfolio of sovereign bonds with a speculative-grade (SG) rating. US Treasury yield (IG/SG) corresponds to a 2-day change in the yield on the portfolio of synthetic US Treasury securities of identical duration as the sovereign bonds in the (IG/SG) portfolios. Exchange rate (IG/SG) corresponds to a 2-day return on the portfolio of currencies (against the US dollar), with identical weights as those in the sovereign bond (IG/SG) portfolios. The entries denote the OLS estimates of the portfolio-specific response coefficients to m US t , an FOMC-induced surprise in the 2-year US Treasury yield. The response of the sovereign credit spreads for the IG and SG credit risk categories is computed as the difference between the estimated response of sovereign bond yields and the estimated response of US Treasury yields in the matched portfolio of US Treasuries in that credit risk category. All specifications include a constant (not reported). Heteroskedasticity-consistent asymptotic standard errors are reported in parentheses: * p < .10; ** p < .05; and *** p < .01. risk, we also construct the corresponding investment-and speculative-grade foreign currency portfolios. Specifically, we compute portfolio currency returns, denoted by ∆ h e p,t+h−1 , as a weighted average of the h-day changes (from day t − 1 to day t + h − 1) in the logarithm of bilateral exchange rates for the same set of countries that are in the sovereign bond portfolio of credit quality p = IG and SG, where the weights are equal to the corresponding market values of individual bond issues on day t − 1. The response of returns on these matched foreign currency portfolios to US monetary policy surprises allows to examine the extent to which policy-induced fluctuations in sovereign credit spreads are due to indirect effects through the conventional exchange rate channel as opposed to the direct financial spillover channel. Table 4 documents the effect of a policy-induced increase in the 2-year US Treasury yield on the 2-day changes in the investment-and speculative-grade sovereign credit spreads (Credit spread -IG/SG). In the Memo items, we report the estimated responses of the corresponding bond portfolio yields (Sovereign yield -IG/SG), their matched US Treasury equivalents (US Treasury yield -IG/SG), and the matched foreign currency returns (Exchange rate -IG/SG). We again conduct a separate analysis for the conventional and unconventional US monetary policy regimes.
According to the entries in the table, a conventional policy-induced increase in the 2-year US Treasury yield of 100 basis points leads to an increase of 107 basis points in the speculativegrade bond portfolio yield and an increase of 75 basis points in the investment-grade bond portfolio yield; both of these effects are statistically significant at the 1 percent level. Over the same two days, the respective yields on the matched portfolios of US Treasuries are estimated to increase 53 basis points for the speculative-grade portfolio and 69 basis points for the investment-grade portfolio.
The implied credit spread response is thus 53 basis points for the speculative-grade portfolio and a mere 5 basis points for the investment-grade portfolio. The standard errors associated with these responses indicate that the credit spread response for speculative-grade sovereign bonds is statistically different from zero at the 5 percent level, while the response for their investmentgrade counterparts is statistically indistinguishable from zero. Thus, during the conventional policy regime, a US monetary policy easing that induces a decrease (increase) in the 2-year US Treasury yield of 100 basis points narrows (widens) credit spreads on speculative-grade sovereign bonds by about 50 basis points, but has essentially no effect on investment-grade sovereign credit spreads.
Interestingly, conventional US monetary policy has no effect on the corresponding weighted average of bilateral exchange rates for a basket of currencies from the same set of speculative-grade countries. The results in Table 4 thus indicate that an unanticipated tightening of US monetary policy during the conventional regime widens credit spreads on risky sovereign debt directly through the financial channel, as opposed to indirectly through the deterioration in the quality of risky countries' balance sheets brought about the depreciation of their currencies against the US dollar.
All told, these results are consistent with the notion that conventional US monetary policy has a direct impact on international bond markets by changing foreign investment-grade yields one-forone with US Treasury yields and has an additional impact on the riskier sovereigns through its effect on the credit risk premium.
Turning to the effects of unconventional US monetary policy actions, we again observe an economically important and statistically significant response in the 2-day change of both sovereign and matched US Treasury portfolio yields to US monetary policy surprises. Consistent with our earlier findings, the responses of the sovereign bond portfolio yields and the yields on comparable US Treasuries are substantially greater than those we estimate for the conventional policy regime.
Because during the unconventional regime, an unanticipated US monetary policy easing reduces US longer-term yields more than their short-term counterparts, this finding reflects the fact that the portfolios of US Treasury securities with matched payout characteristics of investment-and speculative-grade sovereign bond portfolios are of significantly longer duration than the 2-year US Treasury note.
Taking the difference of responses between the sovereign bond portfolio yields and the matched US Treasury yields allows us to infer the response of sovereign credit spreads to an unanticipated change in the unconventional stance of US monetary policy. In contrast to the conventional policy regime, there is no statistically significant response in the credit spread on speculative-grade sovereign bonds during the unconventional policy regime. As before, the estimated response of the credit spread for investment-grade sovereign bonds is zero, both economically and statistically.
Thus, during the unconventional policy regime, US monetary policy had a direct effect on both investment-and speculative-grade sovereign debt by reducing yields on comparable US Treasuries, which were then transmitted one-for-one to yields on dollar-denominated sovereign bonds. Those policy actions, however, had no additional effect on the credit risk premium in the sovereign bond market. In addition, while unconventional easings (tightenings) of US monetary policy led to a significant depreciation (appreciation) of currencies in the two sovereign bond portfolios, those policyinduced fluctuations in bilateral exchange rates did not appear to affect the pricing of sovereign default risk during this period.
Given the potentially illiquid nature of dollar-denominated sovereign bonds, which would likely lead to a delayed yield response to US monetary policy announcements, we now consider the effect of a US monetary policy surprise using 6-day changes in the sovereign bond portfolio yields and the yields on the matched portfolios of US Treasuries; we also examine the response of foreign currency portfolio returns over the same 6-day horizon. These results are summarized in Table 5 .
During the conventional policy regime, the response of speculative-grade sovereign yields is substantially greater at the 6-day horizon than at the 2-day horizon (the point estimate of 1.91 vs.
1.07). In contrast, the response of investment-grade sovereign yields is essentially the same at both horizons. This suggests that there is some price discovery that takes place over the 6-day horizon, or that it takes several days for illiquidity in the speculative-grade segment of the sovereign debt market to dissipate. The response of yields on the matched portfolios of US Treasury securities, by contrast, is attenuated at the 6-day horizon relative to the 2-day horizon. Consequently, when we allow for the longer horizon, the response of credit spreads to a conventional US monetary policy surprise becomes larger in absolute value, and it is statistically significant for both investment-and speculative-grade sovereign bonds. In this case, a policy-induced decrease (increase) of 100 basis points in the 2-year US Treasury yield implies a narrowing (widening) of credit spreads on speculative-grade sovereign bonds of about 150 basis points and a decrease (increase) of about 30 basis points in credit spreads on investment-grade sovereign bonds; note that both of these estimates are statistically significant at the 1 percent level. 15 These findings likely reflect the confluence of two factors. First, a decline in benchmark risk-free interest rates could lead to narrower sovereign credit spreads because it improves the creditworthi-15 Note that the response of currency returns in the two portfolios also show attenuation to conventional US policy surprises at the 6-day horizon. This result likely reflects the greater efficiency of foreign currency markets, where new information is impounded into prices almost instantaneously, compared with the dollar-denominated sovereign bond market, where price discovery occurs over several days. 
The dependent variables are 6-day changes (from day t − 1 to day t + 5) bracketing an FOMC announcement on day t in the specified financial indicator: Sovereign yield -IG = 6-day change in the yield on the portfolio of sovereign bonds with an investment-grade (IG) credit rating; and Sovereign yield -SG = 6-day change in the yield on the portfolio of sovereign bonds with a speculative-grade (SG) rating. US Treasury yield (IG/SG) corresponds to a 6-day change in the yield on the portfolio of synthetic US Treasury securities of identical duration as the sovereign bonds in the (IG/SG) portfolios. Exchange rate (IG/SG) corresponds to a 6-day return on the portfolio of currencies (against the US dollar), with identical weights as those in the sovereign bond (IG/SG) portfolios. The entries denote the OLS estimates of the portfolio-specific response coefficients to m US t , an FOMC-induced surprise in the 2-year US Treasury yield. The response of the sovereign credit spreads for the IG and SG credit risk categories is computed as the difference between the estimated response of sovereign bond yields and the estimated response of US Treasury yields in the matched portfolio of US Treasuries in that credit risk category. All specifications include a constant (not reported). Heteroskedasticity-consistent asymptotic standard errors are reported in parentheses: * p < .10; ** p < .05; and *** p < .01. ness of riskier countries. Second, international investors' attempts to enhance portfolio returns in a low interest rate environment-by increasing their credit risk exposure-could also put downward pressure on credit spreads on sovereign debt issued by riskier countries. While intuitive, our results stand in sharp contrast to those from the earlier literature, which found than an increase (decrease) in US shorter-term interest rates led to a narrowing (widening) of sovereign credit spreads, especially for the emerging market economies (see Kamin and von Kleist, 1999; Eichengreen and Mody, 2010; Uribe and Yue, 2006) . Importantly, papers in this literature rely on monthly or quarterly changes in US interest rates to estimate the spillover effects of US monetary policy to international bond markets. Our analysis, in contrast, highlights the importance of using high-frequency data to identify the unanticipated changes in the conventional stance of US monetary policy and to trace out the causal effect of these changes on sovereign credit spreads.
During the unconventional policy regime, our coefficient estimates imply a modest increase in the response of both investment-and speculative-grade sovereign bond yields at the 6-day horizon compared with the 2-day horizon. In contrast, there is a substantially more pronounced response of portfolio yields on comparable US Treasuries over the 6-day horizon relative to the 2-day horizon.
The combination of these two forces again implies no statistically significant effect of a US monetary policy surprise on sovereign credit spreads during the unconventional policy regime. These estimates reinforce the finding that US monetary policy easings (tightenings) do not lead to a statistically significant narrowing (widening) of sovereign credit spreads during the unconventional policy regime.
Although we do not offer a full explanation for why the response of sovereign credit spreads to US monetary policy differs across the conventional and unconventional policy regimes, we suggest two possible reasons why there may be attenuation in the response of credit spreads to unconventional policy actions. The first is the recognition that there is a substantially greater cross-country dispersion in sovereign credit spreads during the unconventional regime (see Figure 3) . This heightened dispersion suggests that country-specific idiosyncratic factors may have played a larger role in determining sovereign credit risk during this period. In turn, this implies an attenuation of the response of sovereign credit spreads to unconventional US monetary policy actions.
A second concern, discussed by Greenlaw, Hamilton, Harris, and West (2018) , is the fact that unconventional monetary policy primarily relies on forward guidance to convey its policy stance.
Implementation of monetary policy through forward guidance may lead to greater scope for policy announcements to convey both the policy stance, as well as the monetary authority's perception of the state of the economy. To the extent that rising yields partly capture positive outlook conveyed by the monetary authority regarding the state of the economy, we expect to see an increase in risky asset prices in response to rising US Treasury yields during FOMC announcements. Such a mechanism also implies an attenuation of the response of sovereign credit spreads to policyprompted changes in US Treasury yields on FOMC announcement days. 16
Micro-Level Sovereign Credit Spreads
To further examine the response of sovereign credit spreads to US monetary policy actions, we now consider estimates of the response coefficients based on the micro-level data, an approach that allows us to directly control for potential liquidity concerns by including an interaction between the monetary policy surprise and bond characteristics that influence liquidity premiums. In addition to explicitly controlling for observable liquidity characteristics, the panel data analysis may be viewed as providing the equivalent of an equally-weighted portfolio analysis. 16 The possibility that high-frequency policy surprises contain information about both the stance of monetary policy and the central bank's assessment of the economic outlook is explored in a recent paper by Jarociński and Karadi (2019) . How US monetary policy surprises that are purged of such "information shocks" affect foreign interest rates is an interesting question that we leave for future research.
Formally, we estimate the following regression specification:
, is the h-day change in the credit spread on sovereign bond k (issued by country i). The 0/1-indicator variable 1[RTG i,t−1 ∈ p] equals 1 if country i's sovereign credit rating at t − 1 falls into the p = IG and SG credit rating category and 0 otherwise, and x i,t [k] is a vector of (pre-determined) bond characteristics that likely influence the liquidity of the bond issue k. Specifically, 
is the bond's duration. These characteristics are interacted with the policy surprise m US t and thus control for the fact that a portion of the credit spread response may reflect movements in liquidity premium that is a function of the specified observable bond characteristics.
We use OLS to estimate the response coefficients β IG and β SG . To take into account crosssectional dependence in the disturbance term ǫ i,t+h−1 [k] arising from the fact that our sample consists of FOMC announcement days only, as well as the fact that error terms of bonds issues by the same country are likely to be correlated, we report asymptotic standard errors clustered across time (t) and countries (i), which are computed according to Cameron, Gelbach, and Miller (2011) . Panels A and B of Table 6 reports the estimated effects of US monetary policy surprises for the 2-and 6-day changes in sovereign credit spreads, respectively. Consistent with the view that a portion of the credit spread response to US monetary policy surprises may be attributed to a liquidity premium that varies with issue size and other bond characteristics, the panel-data estimates imply a smaller response of credit spreads to policy surprises during the conventional regime relative to those obtained from the aggregate portfolio analysis. The point estimate of the response coefficient on the 2-day changes in speculative-grade credit spreads (column 1 in Panel A) declines from 0.53, when estimated at the portfolio level, to 0.37 when estimated using the bond-level data. Similarly, the point estimate of the response coefficient on the 6-day changes in speculative-grade sovereign credit spreads (column 1, Panel B) falls from 1.53 to 0.88. Note that in both cases, the estimates of the response coefficients remain statistically highly significant. As shown in column (2), these estimates are robust to the inclusion of country fixed effects, which control for the unobservable (time-invariant) country-specific factors that may influence the response of speculative-grade sovereign credit spreads to US monetary policy surprises (e.g., geographic proximity to the United States).
In summary, the panel-data estimates reported in Table 6 do not change our earlier conclusion that unanticipated changes in the stance of conventional US monetary policy have an economically and statistically significant effect on speculative-grade sovereign credit spreads, but that these policy changes do not affect investment-grade sovereign credit spreads. The results reported in the table also confirm our above finding that during the recent unconventional policy regime, US monetary , an h-day change (from day t − 1 to day t + h − 1) bracketing an FOMC announcement on day t in the credit spread on sovereign bond k issued by country i. The explanatory variables are m US t , a US policy-induced surprise in the 2-year US Treasury yield, interacted with the country's sovereign credit rating indicator: IG = investment grade and SG = speculative grade. The response coefficients on m US t are evaluated at the sample mean of the bond-specific characteristics. All specifications include a constant (not reported) and are estimated by OLS. Robust asymptotic standard errors reported in parentheses are clustered in the i and t dimensions (see Cameron, Gelbach, and Miller, 2011 ): * p < .10; ** p < .05; and *** p < .01. a 169 FOMC announcements (02/06/1992 -12/15/2008 and 12/17/2015 -03/20/2019 No. of countries = 80; and Observations = 27,890. b 65 FOMC announcements (12/16/2008-12/16/2015 policy surprises had, on average, no effect on sovereign credit spreads.
Asymmetric Spillovers of US Monetary Policy
An important concern among policymakers across the globe is the extent to which an easing of monetary policy may lead to increased risk taking in the form of compression of spreads on risky debt. This concern became especially acute in the years immediately following the 2008-09 global financial crisis, a period marked by a surge in capital flows to emerging market economies. At that time, a number of policymakers, academic economists, and financial market participants argued that these flows were contributing to loose financial conditions, excessive credit growth, and undesired exchange rate appreciation in the recipient countries. Because those flows were occurring against a backdrop of aggressive expansion of balance sheets by central banks in major advanced economies, a narrative emerged, arguing that these unconventional monetary policy measures were an especially important and potentially destabilizing driver of capital flows to emerging market economies (see Rajan, 2016) .
In this section, we investigate whether US monetary policy easings and tightenings have an asymmetric effect on sovereign credit risk. As a matter of theory, it is not clear whether an unanticipated easing of US monetary policy should result in a larger or smaller (absolute) move in credit spreads on risky sovereign bonds relative to a surprise policy tightening of the same magnitude (see Bruno and Shin, 2015a,b; Hofmann, Shim, and Shin, 2017) As shown in Table 7 , during the conventional policy regime, the 2-day change in yields for both speculative-and investment-grade bond portfolios responds significantly more to an unanticipated monetary tightening then to a monetary easing. However, the yields on synthetic US bond portfolios also display a similarly heightened response to such policy tightenings. Consequently, the resulting effect on credit spreads is the same regardless of the direction of a policy move. Notably, the point estimates for the response of credit spreads on speculative-grade bonds are unchanged across tightening and easing actions and are entirely in line with the estimated response of 50 basis points-in reaction to a policy-induced movement in the 2-year US Treasury yield of 100 basis points-documented in Table 4 . During the unconventional policy regime, only monetary policy easings have a significant effect on either sovereign yields or their US matched portfolio equivalents.
In part, this result reflects the fact that unanticipated policy tightenings were relatively infrequent during the unconventional policy regime. Again, there is no evidence to suggest that US monetary policy has asymmetric effects on international bond markets.
The results for the 6-day horizon reported in Table 8 reinforce this conclusion. We again find that unanticipated monetary policy tightenings have substantially larger effects on sovereign bond yields than policy easings of the same magnitude. As before, we find that the credit spread response for speculative-grade sovereign bonds is economically large and statistically significant across both easing and tightening policy actions. Nonetheless, we find no difference in the magnitude of the response for speculative-grade credit spreads to policy easings versus tightenings, with both estimates implying a change of 150 basis points in speculative-grade credit spreads in response to a Note: The dependent variables are 2-day changes (from day t − 1 to day t + 1) bracketing an FOMC announcement on day t in the specified financial indicator: Sovereign yield -IG = 2-day change in the yield on the portfolio of sovereign bonds with an investment-grade (IG) credit rating; and Sovereign yield -SG = 2-day change in the yield on the portfolio of sovereign bonds with a speculative-grade (SG) rating. US Treasury yield (IG/SG) corresponds to a 2-day change in the yield on the portfolio of synthetic US Treasury securities of identical duration as the sovereign bonds in the (IG/SG) portfolios. Exchange rate (IG/SG) corresponds to a 2-day return on the portfolio of currencies (against the US dollar), with identical weights as those in the sovereign bond (IG/SG) portfolios. The entries denote the OLS estimates of the portfolio-specific response coefficients to m , a positive and negative FOMC-induced surprises in the 2-year US Treasury yield, respectively. The response of the sovereign credit spreads for the IG and SG credit risk categories is computed as the difference between the estimated response of sovereign bond yields and the estimated response of US Treasury yields in the matched portfolio of US Treasuries in that credit risk category. All specifications include a constant (not reported). Heteroskedasticity-consistent asymptotic standard errors are reported in parentheses: * p < .10; ** p < .05; and *** p < .01. 
The dependent variables are 6-day changes (from day t − 1 to day t + 5) bracketing an FOMC announcement on day t in the specified financial indicator: Sovereign yield -IG = 6-day change in the yield on the portfolio of sovereign bonds with an investment-grade (IG) credit rating; and Sovereign yield -SG = 6-day change in the yield on the portfolio of sovereign bonds with a speculative-grade (SG) rating. US Treasury yield (IG/SG) corresponds to a 6-day change in the yield on the portfolio of synthetic US Treasury securities of identical duration as the sovereign bonds in the (IG/SG) portfolios. Exchange rate (IG/SG) corresponds to a 6-day return on the portfolio of currencies (against the US dollar), with identical weights as those in the sovereign bond (IG/SG) portfolios. The entries denote the OLS estimates of the portfolio-specific response coefficients to m , a positive and negative FOMC-induced surprises in the 2-year US Treasury yield, respectively. The response of the sovereign credit spreads for the IG and SG credit risk categories is computed as the difference between the estimated response of sovereign bond yields and the estimated response of US Treasury yields in the matched portfolio of US Treasuries in that credit risk category. All specifications include a constant (not reported). Heteroskedasticity-consistent asymptotic standard errors are reported in parentheses: * p < .10; ** p < .05; and *** p < .01. a 169 FOMC announcements (02/06/1992 169 FOMC announcements (02/06/ -12/15/2008 169 FOMC announcements (02/06/ and 12/17/2015 169 FOMC announcements (02/06/ -03/20/2019 . b 65 FOMC announcements (12/16/2008 65 FOMC announcements (12/16/ -12/16/2015 . 100 basis point policy-induced increase in the 2-year US Treasury yield.
Another way to examine this question is to ask whether the credit spread differential between speculative-and investment-grade sovereign bonds responds more to unanticipated monetary tightenings relative to easings. This can be seen by computing the differential response of credit spreads on speculative-and investment-grade sovereign bonds. The 6-day change results reported in Table 8 imply the same point estimates for both investment-and speculative-grade bond portfolios across monetary easings and tightenings. Specifically, the point estimates of 150 basis points for speculative-grade bonds and 30 basis points for investment-grade bonds imply that the sovereign credit curve widens by 120 basis points in response to an unanticipated monetary tightening and narrows by the same amount in response to a monetary easing. Therefore, we see no evidence of credit spread compression in response to US policy easings in this dimension either.
All told, these results clearly show that during the conventional policy regime, US monetary policy causes an economically important change in credit spreads for speculative-grade sovereign credits that is on the order of 50 basis points-for a 100 basis point policy-induced change in the 2-year US Treasury yield-over a 2-day horizon and 150 basis points over a 6-day horizon. However, we find no evidence to suggest an asymmetric effect across policy easings versus policy tightenings.
Conclusion
Our analysis of US monetary policy cross-border spillovers employs a large micro-level data set at the daily frequency, consisting of almost 1,800 individual dollar-denominated sovereign securities traded in the secondary market, which were issued by more than 90 countries since the early 1990s.
Using this rich data set, we analyze how US monetary policy affects sovereign bond portfolio yields and credit spreads-where portfolios are defined by duration and default risk-as well as bond-level credit spreads. We also compare the effects of conventional US monetary policy actions with those of the unconventional measures employed after the target federal funds rate hit the effective lower bound.
According to our findings, sovereign bond yields are highly responsive to unanticipated changes in the stance of US monetary policy during both the conventional and unconventional policy regimes. Conventional US monetary policy is transmitted very effectively to both shorter-and longer-duration yields on dollar-denominated sovereign bonds. The spillover effects of conventional US monetary policy across the portfolios of different durations are much more uniform compared with the unconventional policy regime. Overall, however, the extent of spillovers from the US unconventional monetary policy actions to foreign bond yields is roughly similar to that estimated for the conventional policy regime.
We also document that conventional US monetary policy measures have an economically large and statistically significant effect on credit spreads of dollar-denominated debt of countries with a speculative-grade credit rating. Specifically, credit spreads on risky sovereign bonds are estimated to narrow (widen) significantly in response to an unanticipated US policy easing (tightening) dur-ing the conventional regime. At the same time, conventional US monetary policy has no effect on the corresponding weighted average of bilateral exchange rates for a basket of currencies from the same set of risky countries. Together, these two results indicate that an unconventional tightening of US monetary policy increases credit spreads on risky sovereign debt directly through the financial channel, as opposed to indirectly through the deterioration in the quality of risky countries' balance sheets brought about the depreciation of their currencies against the US dollar. Sovereign credit spreads for investment-grade countries do not respond to conventional US monetary policy, according to our result.
During the unconventional policy regime, an unanticipated easing (tightening) of US monetary policy induces a decrease (increase) in sovereign bond yields that is commensurate with that of yields on a portfolio of comparable US Treasuries. Our analysis thus indicates that the unconventional policy actions undertaken by the FOMC during the 2008-15 period did not systematically affect the level of sovereign credit spreads across the credit quality spectrum, despite the fact that those actions had economically large effects on the bilateral exchange rates of both low-and high-risk countries. Lastly, we find no evidence that US monetary policy tightenings and easings have an asymmetric effect on sovereign credit spreads.
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